Auditory temporal resolution threshold in elderly individuals by Queiroz, Daniela Soares de et al.
351
Pró-Fono Revista de Atualização Científica. 2010 jul-set;22(3).
Limiar de resolução temporal auditiva em idosos.
Limiar de resolução temporal auditiva em idosos****
Auditory temporal resolution threshold in elderly individuals
*Fonoaudióloga. Mestre em
Fonoaudiologia pela Pontifícia
Universidade Católica de São Paulo -
(PUC - SP). Professora do Curso de
Especialização em Audiologia do
Instituto Superior de Ensino em
Fonoaudiologia. Endereço para
correspondência: R. José Ferreira de
Castro, 259 - Apto 22A - São Paulo -




Federal de São Paulo (Unifesp / EPM).
Professora Titular do Curso de
Fonoaudiologia da PUC - SP.
***Fonoaudióloga. Doutora em
Neurociências e Comportamento pelo
Instituto de Psicologia da
Universidade de São Paulo (USP).
Professora do Mestrado Profissional em
Reabilitação do Equilíbrio e Inclusão
Social.
****Trabalho Realizado com um Grupo
da Terceira Idade de uma Igreja
Localizada na Zona Norte de São
Paulo.
Artigo Original de Pesquisa
Artigo Submetido a Avaliação por Pares
Conflito de Interesse: não
Recebido em 26.12.2008.
Revisado em 12.08.2009; 08.03.2010;
26.07.2010.
Aceito para Publicação em 01.09.2010.
Daniela Soares de Queiroz*
Teresa Maria Momensohn-Santos**
Fátima Cristina Alves Branco-Barreiro***
Abstract
Background: the Random Gap Detection Test (RGDT) evaluates temporal resolution threshold. There
are doubts as to whether performance in this task remains unchanged with the aging process. At the same
time, there is a concern about how much the difficulties of communication experienced by elderly
individuals are related to the deterioration of temporal resolution. Aim: to determine auditory temporal
resolution threshold in elderly individuals with normal peripheral hearing or symmetric mild sensorineural
hearing loss, and to correlate findings with gender, age, audiometric findings and scores obtained in the
Self - Assessment of Communication (SAC) questionnaire. Methods: 63 elderly individuals, aged between
60 and 80 years (53 women and 10 men), were submitted to the RGDT and the SAC. Results: statistical
analysis of the relationship between gender and the RGDT indicated that the performance of elderly
females was statistically poorer when compared to elderly males. Age and audiometric configuration did
not correlate to performance in the RDGT and in the SAC. The results indicate that in the SAC both
genders presented no significant complaints about communication difficulties regardless of the outcome
obtained in the RGDT or audiometric configuration. Conclusion: the average temporal resolution threshold
for women was 104.81ms. Considering gender, females did not present correlations between age and
audiometric configuration, not only when considering the RGDT results but also when analyzing the SAC
results.
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Resumo
Tema: o Teste de Detecção de Intervalo Aleatório - Random Gap Detection Test (RGDT) avalia o limiar
de resolução temporal. Existem dúvidas se à medida que o sujeito envelhece, seu desempenho nesta tarefa
se mantém inalterada. Ao mesmo tempo, existe a preocupação do quanto as suas dificuldades de comunicação
estariam relacionadas a uma degradação da resolução temporal. Objetivo: determinar o limiar de resolução
temporal auditiva em idosos com audição periférica normal ou perda do tipo neurossensorial, simétrica de
até grau leve, e sua correlação com: gênero, idade, achados audiométricos e pontuação no Questionário de
Auto-Avaliação da Comunicação - Self-Assessment of Communication (SAC). Método: 63 idosos, com
idades entre 60 e 80 anos (53 mulheres e 10 homens), foram submetidos ao RGDT e ao SAC. Resultados:
a análise estatística da relação entre gênero e limiar do RGDT mostrou que o desempenho dos idosos do
gênero feminino foi estatisticamente pior em relação ao masculino. Não houve correlação das variáveis
idade e configuração audiométrica entre os sujeitos do gênero feminino e o desempenho do RGDT e no
SAC. Os resultados do SAC mostraram que ambos os gêneros não apresentaram queixas significantes de
dificuldade de comunicação independente do resultado do RGDT ou da configuração audiométrica.
Conclusão: o limiar médio de resolução temporal para os idosos do gênero feminino foi de 104,81ms.
Para o grupo do gênero feminino, não foram observadas correlação entre as variáveis idade e configuração
audiométrica, tanto para os resultados do teste RGDT quanto para os resultados do questionário SAC.
Palavras-Chave: Idoso; Audição; Transtornos da Audição; Testes Auditivos.
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Introduction
The auditory temporal resolution is the ability
to perceive or discriminate segments of sounds that
are spatially close in time as separate events. It is
responsible for the detection of changes in sound
stimulus as a function of time and it is necessary
for the individual to distinguish the occurrence of
two stimuli instead of one (1). Temporal acuity is a
prerequisite for the auditory system to determine
duration, interval and temporal organization of
sound stimuli, which are essential for the processing
of speech and music (2).
The Random Gap Detection Test (RGDT) has
been shown to be sensitive to dysfunctions of
temporal resolution, which may be related to
phonological processing deficits, auditory
discrimination deficits, receptive language and
reading (3). Study with this test showed that 20
among 24 elderly women evaluated were not able
to detect silence intervals up to 40 milliseconds
(ms) - ceiling of standard RGDT (4). Research has
found increased temporal resolution thresholds in
the elderly when compared to young adults with
the same peripheral hearing conditions (5-8). This
explains some speech comprehension complaints
of this population. Thus, when an elderly individual
refers hearing but not understanding, there is the
possibility that the temporal resolution ability
impaired by aging contributes to this difficulty,
associated or not, to the damage of the peripheral
hearing function.
The current study aimed to determine the
threshold for auditory temporal resolution in elderly
individuals with normal hearing or with symmetric
up to mild sensorineural loss and its correlation




This study was approved by the Ethics
Committee of PUC-SP under protocol number 0047/
2006. All participants signed a Consent Form.
The sample consisted of 63 subjects aged
between 60 and 80 years (53 women, mean age of
69.87 years (SD: ± 6.48 years, median: 71 years; and
10 men, mean age 66.6 years (SD: ± 5.34 years,
median: 65 years). Participants were selected
according to the following criteria: no history of
clinical otologic alterations in the central nervous
system such as degenerative diseases, vascular
events, aneurysm, among others; Brazilian
Portuguese as first language; audiometric
thresholds within normal limits or sensorineural
audiometric curve, symmetric and up to mild degree;
tympanometry type A or its variations (Ad or Ar).
Because of the differences in the audiometry
results, the participants were divided into three
groups according to audiometric configuration:
Group 1 - composed of 21 participants (19 women
and 2 men) with audiometric thresholds within
normal limits and horizontal configuration; Group 2
- composed of 28 participants (22 women and 6
men) with pure tone average threshold of 500, 1000
and 2000 Hz within normal limits and descending
configuration; and Group 3 - composed of 14
participants (12 women and 2 men) with mild degree
pure tone average threshold of 500, 1000 and 2000
Hz and descending configuration.
Procedures
The RGDT is composed of paired sequences of
pure tones at frequencies of 500, 1000, 2000 and
4000Hz. In the standard test (3), the intervals
between the tones range from zero to 40 ms in a
random order with increments ranging from two to
10ms. In the expanded test, the intervals between
the tones range from 50 to 300ms presented in a
random order with increments ranging from 10 to
50ms. The test was conducted at 40dBNS with
binaural presentation. The participants were
instructed to verbally respond or to inform by sign
if they had heard one or two tones. The standard
and expanded tracks were each applied once. The
lowest range from which the individual has always
identified two tones was verified. This analysis was
performed on each frequency and the average
among the frequencies of testing was calculated.
The Self-Assessment of Communication (SAC)
questionnaire consists of 10 multiple choice
questions. The alternative responses are numbered
from 1 to 5 and are equivalent to scores between
zero and four consecutively. Participants were
instructed to choose only one alternative for each
question. The score, in percentage, obeys the
following scale: Degree 1 SAC (0 - 20%) - rarely (if
ever) has communication difficulties; Degree 2 SAC
(21 - 40%) - occasionally has difficulty in
communicating (about ¼ of the time); Degree 3 SAC
(41 - 60%) - sometimes have difficulty communicating
(about half the time); Degree 4 SAC (61 - 80%) -
often has difficulty in communicating (approximately
¾ of the time); and Degree 5 SAC (81 - 100%) - almost
always (or ever) have difficulty communicating (9).
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Statistical Analysis
Data analysis was divided into two stages.
At first, we compared the RGDT and SAC results
between genders. Descriptive analyses were carried
out through the calculations of mean, standard
deviation, median, mode, minimum and maximum values.
Statistical analyses were carried out using the Mann-
Whitney test in order to verify possible differences
between genders for the variables of interest.
In the second stage, only the group of women
was considered - the group of men had low
statistical power. Initially, the Spearman correlation
analysis was calculated in order to verify the
possible influence of age on the performance of
RGDT and SAC.
Subsequently, the segregation of the sample
according to age groups was ruled out and the groups
were divided according to the audiometric
configuration, as previously discussed. The results
of the SAC and RGDT were compared among the
three groups by means of descriptive analysis (mean,
standard deviation, median, mode, minimum and
maximum) and inferential statistical analysis using the
Kruskal-Wallis test. This comparison had the aim to
verify possible differences among the three groups of
audiometric configuration for the variables of interest.
For all calculated significances (p), values below
5%, i. e., p ? 0.05 were adopted as significance level.
A confidence interval with the results of RGDT
was calculated in order to provide reference values
for the population studied.
Results
Between-genders Comparisons
Table 1 shows the descriptive and inferential
statistical analyses for RGDT results according to
gender. Statistically significant lower performances
of females are observed for all RGDT variables.
Analyses of Results of Female Participants
No significant correlations were observed on
the statistical analyses between age and RGDT and
SAC (RGDT 500Hz: p = 0.394; RGDT 1kHz: p = 0.480,
RGDT 2kHz: p = 0.883; RGDT 4kHz: p = 0.725; RGDT
Average 500Hz -4kHz: p = 0.874; SAC%: p = 0.994;
SAC Degree: p = 0.176). Therefore, the segregation
of the sample into age groups was not considered.
Table 2 shows the descriptive and inferential
statistical analysis of RGDT and SAC results of
female participants according to audiometric
configuration. Statistical analysis of the variable
audiometric configuration versus the variables
RGDT and SAC revealed no significant differences.
In the analysis of the SAC questionnaire
according to its degree, the results showed that
most of the studied population (52:53) had no
complaints about difficulties in communication
(SAC degrees 1 or 2) independently of peripheral
hearing (p = 0.205).
Table 3 displays the confidence intervals of
RGDT results for the group of female participants
which range from 91.36 ms to 118.26 ms for the
average of frequencies from 500 to 4000Hz.
TABLE 1. Descriptive and inferential statistical analyses of RGDT(ms) and SAC(%) results according to gender (n= 63) 
  Mean Standard Deviation Median Mode Minimum Maximum Significance (p) 
Fem 86,17 45,74 70 60 2 150 
RGDT 500Hz 
Male 26 21,83 15 15 5 60 
<0,001 
Fem 111,26 55,61 150 150 2 200 
RGDT 1kHz 
Male 20,7 20,80 10 5 2 50 
<0,001 
Fem 99,57 50,1 100 150 2 200 
RGDT 2kHz 
Male 21,9 24,92 10 2 2 70 
<0,001 
Fem 122,25 70,47 150 150 2 300 
RGDT 4kHz 
Male 19,7 16,49 15 15 2 50 
<0,001 
Fem 104,81 48,8 102,5 150 8,75 187,5 RGDT Mean 
500Hz-4kHz Male 22,08 20,15 11,25 11,25 2,75 57,5 
<0,001 
 




As in the current study, authors have found
gender differences on tests of temporal resolution
- with poorer results being reported for female
participants. In a study with a different temporal
resolution test, the authors found a statistical trend
for better temporal resolution thresholds for men
in one of the tracks of the test (10). In another study
with a temporal organization test specifically
designed for the research, authors found
statistically significant differences between
thresholds of temporal resolution when comparing
results of women (average thresholds: 78ms) and
men (average thresholds: 52ms) (11).
TABLE 2. Descriptive and inferential statistical analyses of RGDT(ms) and SAC(%) results according audiometric configuration for 
the female participants(n= 53) 
  Mean Standard Deviation Median Mode Minimum Maximum Significance (p) 
Group 1 87,11 46,82 60 150 15 150 
Group 2 63,82 49,81 60 60 2 150 RGDT 500Hz 
Group 3 90,36 45,76 90 150 15 150 
0,396  
Group 1 112,11 50,06 100 150 10 200 
Group 2 82,04 61,3 65 150 2 200 RGDT 1kHz 
Group 3 112,64 72,69 150 150 2 200 
0,483 
Group 1 98,95 46,18 100 150 10 150 
Group 2 72,71 59,62 70 150 2 200 RGDT 2kHz 
Group 3 90,29 59,80 95 150 2 150 
0,997 
Group 1 127,21 65,3 150 150 2 250 
Group 2 83,64 61,41 75 150 2 200 RGDT 4kHz 
Group 3 129,79 101,47 150 150 2 300 
0,257 
Group 1 106,34 44,7 110 150 9,25 175 
Group 2 77,3 54,17 75 150 2,75 162,5 RGDT Mean 500Hz-4kHz 
Group 3 105,77 64,78 130 162,5 9,25 187,5 
0,336 
Group 1 7,5 9,89 5 0 0 40 
Group 2 8,45 11 5 0 0 37,5 SAC 
Group 3 16,82 16,24 15 0 0 42,5 
0,309 
Group 1: Audiometric thresholds within normal limits and horizontal configuration; Group 2: Mean  pure tone within normal limits 
and descending configuration 
Group 3: Mean pure tone of mild degree and descending configuration 
TABLE 3. Confidence Interval of RGDT(ms) for the female gender (n= 53) 
Confidence Interval 
Variable 
Lower Limit Upper Limit 
500Hz 73,56 98,78 
1kHz 95,94 126,59 
2kHz 85,76 113,38 
4kHz 102,82 141,67 
Mean 500Hz-4kHz 91,36 118,26 
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The RGDT evaluates a central auditory ability
that is mediated by the left primary auditory cortex
and uses non-verbal stimuli. The central auditory
nervous system of men responds differently to non-
verbal stimuli. Such difference is caused by
intrauterine exposure to testosterone (12) and by
the largest irrigation of these structures for
nonverbal stimuli (13). Moreover, men have a higher
proportion of white as compared to gray matter
(more myelinated connective tissue than nerve
cells), increased speed-dependent
neurotransmission (best-dependent mechanisms of
dopamine) and better use of more global strategies
by the brain for temporal organization tasks (11).
Thus, there are anatomical and functional
differences that justify their better performance.
Analyses of results of Female Participants
Similar RDGT results were observed for the three
groups, showing that, independently of the
peripheral hearing, elderly female participants need
large intervals of silence to identify the occurrence
of two stimuli.
These results are consistent with the literature.
Authors showed that age and hearing loss each
independently contribute to temporal processing
disorders. They identified that increasing age may
lead to decreased efficiency of the central
mechanisms of timing and that deterioration in the
ability of temporal resolution is interfered by age
independently of hearing loss. The authors believe
that the effects of age may justify the limitation on
the ability to rapidly process the segments of
speech. Furthermore, they suggest that regardless
of the individual being young or old, the hearing
loss does not affect performance on tests because
the cochlear mechanisms do not subsume age-
related differences in temporal sensitivity (14-17).
Alterations associated with aging in auditory
processing occur throughout elderhood and
specifically age-related alterations in temporal
acuity may begin before the changes in hearing
thresholds or word recognition (8).
The advancing age is an important factor in the
deficits of temporal resolution. Otherwise, elderly
individuals with normal hearing would present
performance similar to young adults.
The increased thresholds observed for female
participants agree with the literature. Other studies
have also found increased thresholds of temporal
resolution when compared to young adults with
the same peripheral hearing conditions (5-8, 18-20).
The RGDT was standardized on American
children between five and 11 years and the normal
limit established for this population was up to 20ms
for the average of the results between 500 and 4kHz
(3). Study with this test showed that 20 of the 24
elderly women evaluated were not able to detect
silence intervals up to 40ms (4). Using the AFT-R
test - a precursor of RGDT - authors found that for
ten in 21 seniors who were unable to identify a
silence interval of up to 60ms, the average
thresholds were 87.1 ms (21). In another study with
RGDT, authors found statistically significant
differences between two age groups: 500Hz 8.23ms,
1kHz 8.62ms, 2kHz 8.15ms, 4kHz 6.85ms and Clicks
9.23ms for the age range between 18 and 30 years;
and 500Hz 18.95ms, 1kHz 14.45ms, 2kHz 13.45ms,
4kHz 10.95ms and Clicks 12.15ms for the age range
between 50 and 67 years(22).
The standard deviation of the groups also
shows the variability of the sample, which is also in
agreement with the literature (5). Using the AFT-R
test, authors found standard deviations of up to
27.9 ms (21).
In contrast, the SAC results are not in
agreement with the literature. According to some
authors, the integrity of temporal aspects of hearing
is a prerequisite for the auditory system to properly
execute phonological processing and auditory
discrimination of temporal cues of speech (2, 23).
Individuals with thresholds of temporal resolution
higher than the duration of phonemes composing
the word heard, that is, more than 20ms (3), may
have difficulty in auditorily discriminate similar
words even knowing the language and making use
of its extrinsic redundancy (24 ). Authors also claim
that the difficulties in speech recognition of the
elderly may be a consequence of the decline in
temporal sensitivity. Moreover, elderly individuals
that relate hearing but not understanding may
present this ability deteriorated by aging. This
would explain some complaints in comprehending
speech and communication difficulties even without
the presence of peripheral hearing loss (15-17, 19).
However, this study, as well as another study
(25), showed that one cannot infer that the elderly
has difficulty comprehending speech and in
communication on behalf of the increased threshold
of temporal resolution. One hypothesis is that even
with the temporal resolution deteriorated by aging
the elderly individual is able to use extrinsic
redundancy of speech to comprehend the message
heard.
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Another hypothesis for the low scores on the
SAC is the non-awareness of the difficulty of
communication as this complication has a slow and
insidious installation process. Moreover, the
plasticity of the nervous system, present even in
elderhood, could cause the central auditory system
to adapt to understand the message heard, even
when requiring larger intervals of silence.
The confidence interval in Table 3 allows
estimating the reference values of RGDT for women
between 60 and 80 years of age. It should be noted
that such values are higher than the normal
reference values of the test obtained for children
and young adults. A study of on and off cells (26)
may help understanding this difference. If the
detection of silent interval only occurs when the
off cells fire, revealing that there was lack of energy,
the hypothesis for the findings of this research is
that the central auditory nervous system of elderly
women need a longer interval of silence to enable
the functioning of off cells. That is, when the silent
intervals are very short, there is a perceptual
persistence of the first marker along the interval of
silence. Other study also attributes the increase in
thresholds of temporal resolution in elderly to
effects of central auditory nervous system
adaptation to stimuli of short duration. The authors
state that the temporal acuity for short duration is
reduced in the elderly because the recovery of
adaptation in this population is not as rapid as in
younger individuals. That is, the elderly individual
requires a longer interval of silence to realize the
absence of stimulation (6). Studies have found
changes in psycho-acoustic measures that have
been proven by electrophysiological alterations of
the central auditory nervous system of elderly
individuals. Such studies demonstrates that the
decrease in the number of cells in the central
nervous system due to the aging process causes
slowness in nerve conduction and modifies the
effectiveness of tasks as the detection of silent
intervals (27-29). This has been already outlined in
the 70s (30).
Conclusion
The average threshold of temporal resolution
for elderly females was 104.81 ms. For the group of
females, no significant correlation between age and
audiometric configuration were verified for both the
RGDT test and the SAC questionnaire results.
References
1. Stach BA. Glossary of terms - communication disorders
supersite: comprehensive dictionary of audiology illustrated.
Willians & Wilkins; 1997. p. 175-99.
2. Durrant JD, Lovrinic JH. Bases of hearing science. 3a.
ed. Baltimore: Willians & Wilkins; 1995. p. 299.
3. Keith RW. RGDT - Random gap detection test. St. Louis:
Auditec;2000.
4. Queiroz DS, Branco-Barreiro FCA, Momensohn-Santos
TM. Desempenho no Teste de Detecção de Intervalo
Aleatório - Random Gap Detection Test (RGDT): estudo
comparativo entre mulheres jovens e idosas. Rev. Soc. Bras.
Fonoaudiol. 2009;14(4):503-07. Disponível em: http://
www.scielo.br/pdf/rsbf/v14n4/a13v14n4.pdf.
5. Schneider BA, Pichora-Fuller MK, Kowalchuk D, Lamb
M. Gap detection and the precedence in young and old
adults. J Acoust Soc Am. 1994 Feb;95(2):980-91.
6. Schneider BA, Hamstra SL. Gap detection thresholds as
a function of tonal duration for younger and older listeners.
J Acoust Soc Am. 1999 Jul;106(1):371-80.
7. Snell KB. Age-related changes in temporal gap detection.
J Acoust Soc Am. 1997 Apr;101(4):2214-20.
8. Snell KB, Frisina DR. Relationships among age-related
differences in gap detection and word recognition. J Acoust
Soc Am. 2000 Mar;107(3):1615-26.
9. Schow RL, Nerbonne MA. Communication screening
profile: use with elderly clients. Ear Hear. 1982;3(3).135-
47.
10. Samelli AG. O teste GIN (gap in noise): limiares de
detecção de gap  em adultos com audição normal.
[Doutorado]. São Paulo(SP): Universidade de São Paulo.
Faculdade de Medicina. Departamento de Fisiopatologia
Experimental; 2005.
11. Szymaszek A, Szelag E, Sliwowska M. Auditory
perception of temporal order in humans: the effect of age,
gender, listener practice and stimulus presentation mode.
Neurosci Lett. 2006 Jul;403(1-2):190-4.
12. Castro-Caldas A. O conceito de dominância cerebral
revisitado: Re(habilitar) - Revista da ESSA. 2004 Jun;0:
19-35. Disponível em: http://www.essa.pt/revista/docs/n_0/
re04_0_4.pdf.
13. Ruytjens L et al. Functional sex differences in human
primary auditory cortex. In: Ruytjens L. The hearing brain
in males and females. Veenendaal: Universal Press, 2006.
Page: 53-74. Disponível em: http://dissertations.ub.rug.nl/
FILES/faculties/medicine/2006/l.ruytjens/00_titlecon.pdf.
357
Pró-Fono Revista de Atualização Científica. 2010 jul-set;22(3).
Limiar de resolução temporal auditiva em idosos.
14. Gordon-Salant S, Fitzgibbons PJ. Profile of auditory
temporal processing in older listeners. J Speech Lang Hear
Res. 1999 Apr;42(2):300-11.
15. Fitzgibbons PJ, Gordon-Salant S. Aging and temporal
discrimination in auditory sequences. J Acoust Soc Am.
2001 Jun;109(6):2955-63.
16. Fitzgibbons PJ, Gordon-Salant S. Age effects on
discrimination of timing in auditory sequences. J Acoust
Soc Am. 2004 Aug;116(2):1126-34.
17. Fitzgibbons PJ, Gordon-Salant S, Barrett J. Age-related
differences in discrimination of a interval separating onsets
of sucessive tone bursts as a function of interval duration.
J Acoust Soc Am. 2007 Jul;122(1):458-66.
18. Pichora-Fuller MK, Schneider BA, Benson NJ, Hamstra
SJ, Storzer E. Effect of age on detection of gaps in speech
and nonspeech markers varying in duration and spectral
symmetry. J Acoust Soc Am. 2006 Fev;119(2):1143-55.
19. Hirsh IJ. Auditory perception of temporal order. J
Acoust Soc Am. 1959 Jun; 31(6):759-67.
20. Gelfand SA. Mensurement principles and the nature of
hearing. In: Essentials of audiology. New York: Thieme,
1997. p. 99.
21. Rose NV, Feniman MR. Desempenho de idosos no teste
de fusão auditiva - revisado (AFT-R) - gap detection. J Bras
de Fonoaudiol. 2001;2(6):71-4.
22. Owens D, Campbell PE, Liddell A, DePlacido C, Wolters
M. Random Gap Detection Test: A Useful Measure of
Auditory Ageing? Queen Margaret University Edinburgh,
University of Edinburgh. [Acesso em: 14/06/2009].
Disponível em: http://www.cs.stir.ac.uk/~kjt/research/match/
resources/documents/efas07-owens.pdf.
23. Balen SA. Processamento auditivo central: aspectos
temporais da audição e percepção acústica da fala.
[Mestrado]. São Paulo(SP): Pontifícia Universidade Católica
de São Paulo, 1997.
24. Warren RM. Perception of acoustic sequences global
integration versus temporal resolution. In: McAdams S, Bigand
E. Thinking in sound: the cognitive psychology of human
audition. New York: Oxford University Press; 2001. p. 37-42.
25. Strouse A, Ashmead DH, Ohde RN, Grantham DW.
Temporal processing in the aging auditory system. J Acoust
Soc Am. 1998 Oct;104(4):2385-99.
26. Robin DA, Royer FL. Auditory temporal processing:
two-tone flutter fusion and a model of temporal integration.
J Acoust Soc Am. 1987 Oct;82(4):1207-17.
27. Poth EA, Boettcher FA, Mills JH, Dubno JR. Auditory
brainstem responses in younger and older adults for
broadband noises separated by a silent gap. Hear Res. 2001
Nov;106(1-2):81-6.
28. Bertoli S, Smurzynski J, Probst R. Temporal resolution
in young and elderly subjects as measured by mismatch
negativity and a psychoacoustic gap detection task. Clin
Neurophysiol. 2002 Mar;113(3):396-406.
29. Tremblay K, Picton TW, Ross B. Auditory evoked
MEG responses to interaural phase changes: effects of aging
on response latencies. International Congress Series. 2007
Jun;1300:69-72.
30. Maurer JF, Rupp RR. Hearing and aging: tactics for
intervention. New York: Grune & Stratton;1979. Chapter:
1, 3.
